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VIBRATION DAMPING DEVICE, IN
PARTICULAR FOR AN ELECTRIC HAND

MACHINE TOOL, AND A TRANSMISSION

EQUIPPED WITH SUCH A VIBRATION
DAMPING DEVICE

BACKGROUND OF THE INVENTION

The present invention relates to a vibration damping
device, 1n particular for damping powertrain vibrations in an
clectric hand machine tool. The present invention also relates
to a transmission, in particular for an electric hand machine
tool, equipped with such a vibration damping device.

A transmission of an electric hand machine tool contains
gears with a helical or threaded gearing, which are usually
sintered for cost reasons. Cut gears, whose production costs
are high, are only used for high-quality units that require a
high degree of running smoothness. In comparison to cut
gears, sintered gears have higher manufacture-induced toler-
ances. In a transmission, this can lead to additional oscilla-
tions and vibrations in the power train.

Prior mventions have already proposed inserting spring
clastic damping elements, in particular made of rubber or a
rubber-like matenial, between the drive gear and the output
shaft to reduce power train vibrations. The damping elements,
which act tangentially between the drive gear and the output
shaft, compensate for vibrations. They also reduce the pow-
erful starting forces exerted on the gearing, which occur due
to the 1nertia of masses when the drive motor 1s switched on or
reduce the load peaks occurring 1n the gearing during opera-
tion.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s an object of the present mvention to
provide a vibration damping device, in particular for an elec-
tric hand machine tool, and also a transmission equipped with
such a vibration damping device which are further improve-
ments of the existing devices.

The present 1nvention proposes a vibration damping
device, 1n particular for reducing powertrain vibrations in an
electric hand machine tool, which has a rotation element that
can be connected to a drive shaft 1n a frictionally engaging
manner; the rotation element has at least one chamber filled
with a pourable or fluid material capable of absorbing vibra-
tion energy.

The installed vibration damping device, which 1s con-
nected to a drive shaft 1n a frictionally engaging manner,
rotates around the shared rotation axis 1n order to perform its
damping function. A drive shaift 1s understood here to mean
any shait used to drive the device, both 1n a power train and 1n
an output train. In particular, a drive shait can also be an
output spindle. The vibration damping device functions inde-
pendently of a load exerted by means of drive moments. Its
service life 1s therefore practically unlimited.

If an 1impact occurs during rotation, then this 1s damped by
virtue of the fact that the pourable or fluid material counter-
acts the impact due to its 1inertia. Shiits of material occur, but
the rotation element continues to rotate with the drive shaft.
The friction generated 1n the pourable or fluid material or
between the pourable or fluid material and the rotation ele-
ment partially converts the impact energy into heat. In par-
ticular, the material can be sand or a liquid. There are any
number of conceirvable embodiments of the chamber that
would permit a shifting of matenal.

The vibration damping device 1s simply designed, takes up
only a small amount of space, and can be 1nexpensively
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produced since 1t does not require heavy-duty materials.
Another advantage 1s that the vibration damping device can
also be subsequently integrated easily and without great
expense 1nto any hand machine tool, for example 1t can also
be integrated into a compressed air tool and in particular, can
be integrated 1nto an electric hand machine tool. The 1nstal-
lation of the vibration damping device can be easily incorpo-
rated 1nto an existing assembly process. The vibration damp-
ing device can be used as a separate component or can be
embodied 1n a suitable location 1n the form of a transmission
component, 1n particular a gear.

The vibration damping device physically achieves a certain
impact or vibration damping with any material and any geom-
etry. It 1s advantageous, however, for at least one damping
clement to be accommodated in a freely moving fashion in the
at least one chamber. The number, size, and material of the
damping elements can be selected depending on the damping
ratio to be achieved. In order to achieve a high damping ratio,
it 1s preferable to provide the damping element with a large
mass. For a damping ratio of the kind usually required in
clectric hand machine tools, it 1s advantageous to use a metal
such as steel as the material for the damping element. The
damping element, which can move freely 1n the fluid, also
counteracts the impact due to 1ts iertia. At first, the damping
clement remains stationary. The fact that the damping ele-
ment remains stationary consequently forces the material
surrounding it to be displaced. The impact energy 1s then
converted into heat by means of friction.

It 1s usetul to use a viscous fluid as the material. A fluid 1s
considered to be viscous 11 1ts viscosity 1s greater than that of
water. IT high damping ratios are to be achieved, 1t 1s prefer-
able to use high viscosity fluids such as o1l or glycerine.

For cost reasons, 1t 1s preferable for the rotation element of
the vibration damping device to be embodied as rotationally
symmetrical. This simply and simultaneously prevents the
vibration damping device from introducing any additional
imbalance into the system. It 1s advantageous for the rotation
clement to be embodied as annular or disk-shaped, with a
central opening to accommodate the drive shaft. This design
allows the vibration damping device to be easily attached to a
drive shaft. It 1s also possible to retrofit devices. The drive
shaft can also be attached to the rotation element 1n a form-
locked manner.

If several damping elements are used, then these must be
situated so that no additional imbalance 1s introduced into the
system. To this end, a number of chambers that are spaced
apart from one another, preferably uniformly, 1n the circum-
ference direction are incorporated into the rotation element.
The chambers, which are produced e.g. by means of drilling,
are filled with the fluid and, after insertion of the at least one
damping element, are sealed shut in a flmd-tight fashion.
Chambers of this kind can also be incorporated directly into
an existing gear, for example a crown gear, of a transmaission.
The gear then constitutes the rotation element of the vibration
damping device.

In another advantageous embodiment form, the chamber 1s
embodied 1n the form of an annular cavity in the rotation
clement. An annular damping element that can move freely 1n
the fluid 1s 1nserted 1nto this chamber. To this end, the damp-
ing clement, while having the same annular radius as the
cavity, has a smaller cross-section than 1t. This embodiment
form makes 1t possible to use the maximum size of damper
mass without causing additional imbalance.

The friction ratio of the damping element 1n relation to the
fluid and therefore the achievable damping ratio can be
advantageously increased 11 the damping element 1s provided
with a number of recesses. These recesses can be embodied in
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the form of ridges, gaps, niches, holes, or indentations. It 1s
also possible for the entire surface to be sunk and for only
individual, higher burrs to remain.

The present invention also discloses a transmission, in
particular for an electric hand machine tool, which has a
vibration damping device of the type mentioned above for
reducing power train vibrations.

The chamber of the vibration damping device 1s advanta-
geously integrated into an output gear of the transmission, 1n
particular embodied in the form of a crown gear. Due to the
ex1isting space or volume of the crown gear, 1t 1s particularly
casy to integrate the vibration damping device into the trans-
mission in this location. This also makes 1t possible to retrofit
an already existing transmission with the damping device.

Other advantages ensue from the following description of
the drawings. The drawings depict exemplary embodiments
of the invention. The drawings, the specification, and the
claims contain numerous features in combination. A person
skilled 1n the art will also suitably consider the features indi-
vidually and unite them 1n other meaningtul combinations.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic top view of a right angle grinder,

FIG. 2 15 an exploded view of an annular rotation element
ol a vibration damping device,

FIG. 3 1s a half section through the vibration damping
device according to FIG. 2, mounted onto the output spindle
of a right angle grinder,

FIG. 4 1s a half section through a vibration damping device
that has individual chambers and 1s mtegrated into a crown
gear of an output spindle,

FIG. 5 1s a half section through a vibration damping device
that has a circumierential chamber 1n the form of an annular
cavity and 1s integrated into a crown gear of an output spindle,
and

FIG. 6 1s an exploded view of the integrated vibration
damping device according to FIG. 5.

DESCRIPTION OF THE PR
EMBODIMENTS

L1
=y

ERRED

FIG. 1 shows a simplified depiction of a right angle grinder
10 as an example of an electric hand machine tool. The rnight
angle grinder 10 has a housing 12 that contains the electric
drive motor; a handle 14 for gmiding the device during opera-
tion 1s attached to the side of the housing 12. At the front end
of the housing 12, the output spindle—mnot visible here—
protrudes at a 90° angle 1n relation to the longitudinal axis of
the housing and 1s attached to a grinding disk 16. In order to
protect the operator from flying particles such as dust, shav-
ings, or sparks, a satety guard 18 1s mounted over the grinding
disk 16 on the handle side of the housing 12. To supply
clectrical energy, a power cable 20 1s integrated into the rear
end of the housing 12.

FIG. 2 shows an exploded view of a vibration damping
device 22 1n the uminstalled state. The vibration damping
device 22 has an annular rotation element 24 with a central
opening 26. By means of the central opening 26, the rotation
clement 24 can be attached to an output spindle 1n a friction-
ally engaging and form-locked manner. Two chambers 28,
cach with a circular cross section, are let into opposite sides of
the annular rotation element 24 by means of drilling. A ball-
shaped damping element 30 made of steel 1s inserted into each
of the chambers 28, which are filled with high viscosity fluid
61. The damping element 30 has a smaller diameter than the
diameter of the chamber 28 so that 1t can move freely 1n the
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fluid 61. Both chambers 28 are sealed shut in a fluid-tight
manner by means of a sealing cap 32. One of the chambers 28
here 1s shown while 1t 1s still open. The sealing cap 32 1s screw
connected to the chamber 28 or to the rotation element 24. In
an alternative embodiment form, the sealing cap can also be
glued to the rotation element 24 or attached to 1t 1n some other
way.

FIG. 3 shows a half section through the vibration damping,
device 22 according to FIG. 2 1n the installed state. The
annular rotation element 24 here 1s fastened to an output
spindle 34 of a nght angle grinder 10 according to FIG. 1,
between a ball bearing 36 and a crown gear 38. For connec-
tion to the output spindle 34, the rotation element 24 engages
an annular extension of the crown gear 38 1n a Irictional and
form-locked manner, which extension 1s 1n turn press-fitted
onto the output spindle 34 in a Irictionally engaging and
form-locked manner. The ball bearing 36 supports the output
spindle 34 1tself against the housing 12 of the right angle
grinder 10. A gearing 40 of the crown gear 38 transmits the
rotation of an electric motor to the drive spindle 34. The
drawing clearly shows the two chambers 28 integrated into
the rotation element 24, each of which accommodates a freely
moving, ball-shaped damping element 30. The two chambers
28 are each filled with the highly viscous fluid 61. Naturally,
more than two chambers 28 can also be integrated into the
crown gear 38. It 1s preferable to provide the chambers 28
spaced uniformly apart from one another in the circumier-
ence direction 1n order to avoid an imbalance during opera-
tion.

FIG. 4 shows an integrated embodiment of the vibration
damping device 22 according to FIG. 2. The rotation element
24 here 1s not embodied as a separate component, but is
instead embodied as a structural part of the crown gear 57 that
1s press-fitted onto the drive shaft 34 1n a form-locked manner
for drive purposes. Two bores 42 are let into an annular
extension of the crown gear 57 encompassing the drive
spindle 34 and are filled with o1l as the fluid 44. The two bores
42 ecach contain a ball-shaped damping element 46 made of
metal. In this integrated embodiment form, the crown gear 37
containing the damping elements 46 constitutes the rotation
clement of the vibration damping device. This embodiment
permits an existing transmission to be mexpensively retrofit-
ted with the vibration damping device 22, without needing to
be structurally redesigned.

FIG. 5 shows another integrated exemplary embodiment.
In this case, a circumierential, annular cavity 48 1s incorpo-
rated as a single chamber into the crown gear 58 that drives the
output spindle 34. An annular damping element 50 made of
metal 1s 1nserted 1n a freely moving fashion into this fluid-
filled cavity 48. The annular design has the advantage of
greater damping masses, which makes 1t possible to achieve a
higher damping ratio. In order to increase the frictional resis-
tance of the annular damping element 50 1n relation to the

fluid 63, recesses are let into 1t, which are shown 1n greater
detail in FIG. 6.

The integrated exemplary embodiment according to FIG. 5
appears again 1n the exploded view according to FIG. 6. The
drawing here shows the output spindle 34 that 1s supported
and guided 1n the ball bearing 36. The driving crown gear 38
with the gearing 40 has an annular circumierential groove 52
on its underside. The annular damping element 50 1s mserted
into this annular groove 352. The damping element 30 has a
number of recesses 56 arranged circumierentially 1n order to
increase its irictional resistance 1n relation to the fluid. After
being filled with fluid, the annular groove 52 is sealed shut in
a flmd-tight fashion with a sealing disk 54.
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It will be understood that each of the elements described
above, or two or more together, may also find a useful appli-
cation in other types of constructions differing from the types
described above.

While the mvention has been illustrated and described as
embodied 1n vibration damping device, 1n particular for an
clectric hand machine tool, and a transmission equipped with
such a vibration damping device, 1t 1s not intended to be
limited to the details shown, since various modifications and
structural changes may be made without departing 1n any way
from the spirit of the present invention.

Without further analysis, the foregoing will so fully reveal
the gist of the present invention that others can, by applying
current knowledge, readily adapt 1t for various applications
without omitting features that, from the standpoint of prior
art, fairly constitute essential characteristics of the generic or
specific aspects of this invention.

What 1s claimed as new and desired to be protected by
Letters Patent 1s set forth 1n the appended claims.

The mvention claimed 1s:
1. An electric hand machine tool vibration damping device,
comprising;

arotation element connectable to a drive shaft of an electric
hand machine tool 1n a frictional, nonpositive way,
whereby the rotation element 1s integrated 1n a crown
gear, wherein said crown gear transmits a rotation of an
electric motor to the drive shaft, said rotation element
having at least one chamber, wherein said at least one
chamber 1s configured as an annular cavity;

a fluid matenal capable of absorbing vibration energy, said
at least one chamber being filled with said material; and

at least one damping element accommodated 1n a freely
moving fashion in said at least one chamber and capable
of moving in said material, wherein said damping ele-
ment 1s provided with a plurality of recesses for increas-
ing 1its Irictional resistance in relation to the fluid,
wherein said damping element 1s substantially annular
and accommodated 1n said annular cavity, wherein said
damping element has an annular radius that 1s the same
as an annular radius of said cavity, and wherein said
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damping element has a smaller cross-section than a
cross-section of said cavity.

2. An electric hand machine tool vibration damping device
as defined 1n claim 1, wherein said at least one chamber 1s
sealed shut 1n a fluid-tight fashion.

3. An electric hand machine tool vibration damping device
as defined 1n claim 1, wherein the plurality of recesses of the
damping clement are spaced apart from one another in a
circumierential direction.

4. An electric hand machine tool vibration damping device
as defined in claim 1, wherein the plurality of recesses form a
tooth profile.

5. An electric hand machine tool vibration damping device
as defined 1n claim 1, wherein the crown gear 1s a component
of an angular gear.

6. An electric hand machine tool transmission, comprising;:

a drive shaft:

an output gear which i1s configured as a crown gear,

whereby the crown gear transmits a rotation of an elec-
tric motor to said drive shaft; and

a vibration damping device including a rotation element

connected to said drive shait of an electric hand machine
tool 1n a frictional, nonpositive way, wherein the rotation
clement 1s mtegrated 1n the crown gear, said rotation
clement having at least one chamber, wherein said at
least one chamber 1s configured as an annular cavity; and

a fluid material capable of absorbing vibration energy, said

at least one chamber being filled with said matenal,
wherein the vibration damping device comprises at least
one damping element accommodated 1n said at least one
chamber and capable of moving in said matenal,
wherein said damping element 1s provided with a plu-
rality of recesses for increasing its frictional resistance
in relation to the fluid, wherein said damping element 1s
substantially annular and accommodated 1n said annular
cavity, wherein said damping element has an annular
radius that 1s the same as an annular radius of said cavity,
and wherein said damping element has a smaller cross-
section than a cross-section of said cavity.
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